with such strains are superfluous. 5 . The stability of the types both in the animal and in the human body is marked although a number of observations are extant suggesting fluctuation of type in vitro.
6. It seems most probable, although open to question, that the fluctuations of type observed in many areas over a period of years are due to the waxing and waning of virulence of a number of independent races, rather than to mutations from one to another. 7. The discrepancy between the clinical severity of Gravis infections and their poor capacity to produce toxin in vitro has not yet received any adequate explanation.
8. The nasal carrier is the most important factor in the spread of diphtheria. 9. Clauberg's suggestion that the variants from the three well-defined types which are met may best be explained by rough to smooth variation within the types, the rougher strains representing the more virulent forms in each type, receives a good deal of support from a wide survey of the accumulated observations. A considerable group of freely growing and rough-non-starch fermenting forms which are non-pathogenic would form an exception to this rule as these would be classified as rough " Mitis." These may, however, eventually prove with further investigation to be diphtheroid strains distinct from " Mitis." REtsuME.1. Dans une serie de plus de 6,000 cas de diphterie provenant de diverses parties de ce pays et de l'Allemagne pendant les cinq ans passes, au moins 95% des souches du bacille appartiennent a l'un des trois groupes decrits en 1933 sous les noms de Gravis, Intermediaire et Mitis. bilden, Indessen werden weitere Untersuchungen vielleicht zeigen, dass diese diphtheroide, von Mitis versehiedene Stamme sind.
TOWARDS the end of 1930 the medical staff of the Leeds Fever Hospital were impressed with the unusual severity of many of the cases of diphtheria which they were then admitting. These appeared, in their relative refractoriness to serum treatment, to resemble those which had been described a little earlier in Berlin and other parts of the Continent and had caused considerable consternation (Deicher and Agulnik, 1927; Minett, 1929; Feierabend and Schubert, 1929, and 
others).
For a year or two before 1930 a series of observations in the bacteriological laboratory at Leeds, in which A. L. Taylor took a considerable part, bad strongly suggested the existence of two or more well-defined cultural types amongst the diphtheria bacilli isolated from cultures made in the course of routine diagnostic work. The use of media containing tellurite, first introduced by Conradi and Troch (1912) and explored later by Smith (1914) , had about this time received a much more extensive application by Clauberg (1929 Clauberg ( , 1931 to the diagnosis of diphtheria.
In 1930 it was thought that a particularly good diagnostic medium might be obtained by incorporating a suitable concentration of potassium tellurite in media giving a particularly vigorous growth of diphtheria bacilli. Such media, it had been shown, could be prepared by using a low-temperature extract of meat, sterilized by filtration, as the basis for the preparation of heated blood (chocolate) agar. Full details of the preparation of this medium are given in an earlier publication (Anderson et al., 1931) . It was found that in addition to its value for diagnostic work this medium threw into marked relief the differences in the bacteriological types which had already been suspected.
A remarkable correlation between the clinical severity of the disease and the cultural type was determined in a short series of cases collected between November 1930 and June 1931, and as a result the names Gravis and Mitis were suggested to designate the two types which together accounted for about 95% of the strains of C. diphtherixe recovered in this series (Anderson et al., 1931) . There were, however, half a dozen strains in this series which did not correspond to either of these types and these were tentatively called intermediate forms.
Further experience of Leeds diphtheria and particularly of diphtheria outside Leeds, made it clear that amongst the strains which were neither Gravis nor Mitis one large and homogeneous group of strains could be separated which was notable especially on account of its very fine growth on all media -with a basis of peptone solution and meat extract. For this type the designation Intermediate was suggested. In addition to these three main types, which accounted for the great majority of cases of diphtheria in all areas, there was a minority of irregular or atypical strains which were most numerous where diphtheria was mild. Mair, at the meeting of the Pathological Society of Great Britain and Ireland in July 1932, drew particular attention to the constant morphological character of the finely growing Intermediate strains. These present with great regularity 80% and upwards of barred forms. Robinson and Marshall (1934) further pointed out that although the htemolytic test did not always distinguish clearly between Gravis and Mitis forms, since a minority of the former resembled the latter in showing some haemolytic activity, yet it marked off the Intermediate very clearly-they were invariably nonha,molytic.
Although these various forms have already been described by Anderson et al. (1931 and 1933) , Robinson and Marshall (1934) , Christison (1934) , Murray (1935a) , and others, it may be useful to summarize these characters which seem distinctive when the experience of various observers as well as our own, based on strains gathered from many localities, is taken into account. For facility of comparison these are presented in tabular form :- It should be noted at this stage that already in 1928, Parker, following up some work of Dudley's, had pointed out that when tryptic digest media were used, frank cultural distinctions were manifested amongst strains which on media rich in serum appeared to be nearly identical. He differentiated (a) heavily growing smooth strains, (b) heavily growing rough strains, (c) finely growing strains. Unfortunately no tests of polysaccharide fermentation are recorded, and it is difficult to decide now whether the (b) strains corresponded to our Gravis type or were merely rough non-starchfermenting strains which would fall into the group which in our classification are described as atypical. As the majority of these strains came from carriers, clinical correlation was not seriously attempted. The work of Hammerschmidt (1924 a and b), however, bears more closely on our findings, as he suggested a differentiation of diphtheria strains into those which gave a granular growth in broth and were associated with faucial and purely toxic infections, and others producing diffuse turbidity in broth and associated especially with spreading diphtheria lesions tending to involve the trachea but not notable for their toxic effect. Hammerschmidt (1935) in a recent paper concludes that his cultural differentiations fall into line with ours.
The first extensive series of clinical cases of diphtheria in which an attempt was made to correlate closely the cultural bacteriological type and the clinical characters 1032 8 Negative Usual of the disease, was published by Anderson et al. (1933) in the beginning of 1933. The full details of these findings can be obtained in the original, but for the purpose of this paper they may be summarized briefly as follows:-In a series of slightly more than 500 cases, Gravis infections which amounted to more than 70%0 showed a case death-rate of 13I, whereas no deaths were recorded in 100 cases of Mitis infection. The Intermediate cases were too scanty to allow of an accurate estimate of their severity but appeared to resemble most closely the Gravis infections. No atypical strains or mixed infections were observed.
These findings were striking enough and it was thought probable that in them might lie the explanation of a number of phenomena in the history of diphtheria which were difficult of interpretation, as e.g. the wide variation in the case deathrate of diphtheria treated without serum recorded in different areas in the past such as that for the Paris hospitals in the period 1890-94 of 48% to 60% (M.R.C. Monograph, 1923) and that given in Fibiger's Copenhagen series in 1898 of 12%; the appearance of diphtheria of unwonted severity in such areas in recent years as Cork and Berlin which belied the general impression that under modern methods of treatment the disease was being gradually relegated to a position of minor importance as a cause of death; and lastly the strange discrepancy between Hecksher's (1925) claim that the administration of large intravenous doses of serum could reduce case death-rate below 2% in the disease, and Lichtenstein's (1931) laborious analysis of serum treatment in Stockholm over the last thirty years which clearly showed that no improvement whatsoever could be demonstrated to have occurred from the substitution of very large serum doses for the relatively small ones employed in the earlier years of serum treatment. At the outset it was thought likely that the Gravis strains would be shown to produce a different type of toxin and that cases of infection with these strains would derive benefit from treatment with anti-sera appropriate to them. It was soon realized, however, that such strains were bad toxin formers under the conditions in which diphtheria toxin is usually obtained in the laboratory (Parish, Whatley, and O'Brien, 1932 a and b) and that the antitoxin prepared with toxin from Park William 8 strain is effective in the protection of animals injected with Gravis strains. By contrast the Mitis strains proved to be tolerably good toxin producers.
A real discrepancy was thus revealed between the clinical and laboratory findings in respect to the relative severities of Gravis and-Mitis infections. This discrepancy may obviously be explained in one of several ways. On the one hand, the observed correlation between the clinical severity of diphtheria and the type of the infecting bacillus may be misleading, because the series of cases examined has been inadequate to prove it or because the criteria of type differentiation are unreliable. On the other hand, the methods of determining pathogenicity of diphtheria bacilli by estimating toxin-producing powers and capacity to kill animals treated by standard antitoxin may be inadequate for the detection of real differences in the pathogenicity of these strains for men.
It was clear, therefore, that investigation had to be extended in three directions: (a) the collection of many more observations on the correlation of bacillary type with clinical manifestations, especially outside Leeds, (b) closer examination of the animal pathogenicity of the various types, and (c) the determination of the question of type stability.
It is the purpose of this paper to review the observations which have accumulated on these aspects of the subject during the last four years.
Independent investigations of the clinical significance of diphtheria types in which the lines of differentiation described by Anderson et al. (1931 Anderson et al. ( , 1933 have been adopted wholly or in part, have been made in the last three or four years in a number of areas. The most extensive of these has been carried out by Robinson and Marshall (1934, 1935) in Manchester, but considerable series of observations have been published by Menton et al. (1933 Menton et al. ( , 1935 for Staffordshire, by Wright and Christison (1935) for Edinburgh, by Carter (1933) for Glasgow, by Murray (1935a) for Dundee, by Mair and Joe (1934) for London, by Christison (1934) , Schiff and Werber (1935) , Clauberg (1935) , and by Gundel and Liebetruth (1935) for Germany. A valuable contribution to the subject has also been made by Dudley, May, and O'Flynn (1934) with regard to the significance of these types in diphtheria in an immunized population. In addition to these observations we have been able to extend our own investigations to Hull with the help of Leete and Morrison (1933) 1920, 1921, and 1930 -one of the highest or absolutely the highest recorded in any area in the last twenty-five years. It is three times as high as the worst area in England and Wales in the years 1928 and 1929 and higher than any of the average annual rates recorded in England and Wales in the ten-year period 1881-1890, i.e. before the introduction of serum treatment (Forbes, 1932) .
Observations published by Parish, Whatley, and O'Brien (1932b) showed a marked prevalence of Gravis infection, but their series was a very limited one and although the incidence of diphtheria fell subsequently to a considerable extent, it was thought desirable to determine more exactly the type incidence. The fact that by 1933 a very large proportion of the child population of Cork had undergone prophylactic immunization may well have played an important part in the decline of this epidemic in the city, which is to-day the most completely immunized in Europe.
Primary cultures on Loffler slopes made in the Cork fever hospitals were posted to Leeds and there plated out on "tellurite chocolate agar" and the type determined.
Owing to the steady decline of diphtheria the series of cases accumulated rather slowly and was rather smaller than had been anticipated. The findings are summarized in Table II . It is clear that during 1934 and 1935 the only significant element in Cork diphtheria was a Gravis strain which corresponded closely in all its cultural characters and biochemical activities with that originally described in Leeds.
In 1934 a series of these strains was tested for animal pathogenicity and they were found to kill both rabbit and guinea-pig more rapidly than any other group of strains which we have tested. This finding is interesting in view of the unusually high epidemic incidence of diphtheria in Cork some years previously and of the high case death-rate in the present series which is 22.4% for Gravis infections, if only the cases in the non-immunized population are considered. This figure corresponds closely to that recorded for serum-treated diphtheria in Paris in the year when the use of serum was first introduced. It would seem probable, therefore, that the recent epidemic in Cork corresponded in severity to that which was experienced in Paris in the first half of the last decade of last century, and which produced a case death-rate, immediately before the introduction of serum, of 60% to 60%. When the fact that no immunized child in Cork has died is considered in conjunction with this, there is a very clear indication of the value of the campaign of immunization which has been carried on there. HULL. This city has been more severely attacked by diphtheria than any centre in Britain in recent years.
As in the case of Cork, there is a record of a series of cases typed in 1932 by Parish, Whatley, and O'Brien (1932b) which shows a high incidence of Gravis infection at that time. Since then two series of cases have been typed by Leete, McLeod, and Morrison (1933) ; the first of these comprising a continuous series of over 300 cases was collected in the winter 1932-1933 and has been published. This showed a 59% incidence of Gravis infection with a higher case death-rate for that type of infection than in any other series so far recorded in Britain. A second smaller unpublished series collected in the autumn of 1933 showed a falling incidence of Gravis infection and a much lower death-rate. And a series of 100 cases typed by Leete 
-
GERMANY. Through the kindness of Dr. K. W. Clauberg we were able to investigate in 1931 a small collection of strains from Berlin. This showed Gravis as the most numerous strain but not predominant over all the other forms as in Cork and Hull. No clinical details were obtained with regard to the cases with which these strains had been associated. Later, however, short series of cases in which infecting types of bacillus and clinical conditions were correlated, were published for Berlin by Christison (1934) , by Schiff and Werber (1935), and by Clauberg (1935) and for some other districts by Gundel and Liebetruth in 1934 and 1935. These all show a preponderance of the Gravis type over all others. Hettche (1935) has published figures for the Konigsberg area, but inasmuch as his method of typing is based on acid formation in media containing saccbarose, it is not easy to determine whether his " Normazide," "Hypazide," and "Mesazide," correspond to Gravis, Intermediate and Mitis, as he has maintained. The correlation of clinical conditions and infecting bacteriological type as determined by the observations of Christison, Schiff and Werber, Clauberg, Gundel and Liebetruth are presented in Table IV . Mixed.
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-0 LEEDS. Observations on type incidence in Leeds commenced in November 1930. From then up till midsummer, 1932, every case which reached the Fever Hospital was typed. In the second half of 1932 full records were not kept, as at this time we were concentrating mainly on diphtheria outside Leeds. From the beginning of 1933 till September 1935 a full record was kept of all cases which had a diagnostic swab taken before admission to the Fever Hospital. During this period, however, very few of the cases which were sent directly to hospital without bacteriological examination-the most frank clinical cases-were typed. This of course had the effect of eliminating from our series an unduly large proportion of the most severe cases, and accounts for the fact that the death-rate for all typed cases recorded in Leeds is actually lower than the case death-rate for diphtheria as a whole during the period 1931-5.
By the autumn of 1935, however, there was no. doubt that the diphtheria epidemic had much abated, and there was also an opportunity of gathering more extensive data about Mitis diphtheria in Leeds, since these strains had become more numerous again after four years. A second comprehensive series of examinations correlating bacterial types and clinical manifestations in which all cases were typedincluding those admitted directly to the Fever Hospital without diagnostic swabwas made. This final series comprised about 200 cases.
The figures for Leeds diphtheria are therefore presented as two tables, V and VI. In Table V the figures are combined for the first 1930-2 series and the late 1935 series. These are the most reliable of the Leeds figures, as they include every case admitted to the Fever Hospital and estimated clinically by similar standards. They also have the advantage of combining data obtained at the outset of the epidemic, the period presumably of highest Gravis virulence, with those obtained during a period of decline of the Gravis infections and increase of Mitis infections. It is doubtful whether the figure for case mortality in intermediate infections in this group is a true one, as the number of cases is too small. The true figure is probably rather higher. In Table VI an analysis of all cases typed in Leeds during the whole period and including the figures of Table V is presented. The death-rates are all presumably lower than the actual, and this has probably borne most definitely on the Gravis figure, as these cases were about 80% to 90% of all cases during the period when many of the severer cases were excluded from the figures. AREAS IN WHICH DIPHTHERIA OF MODERATE SEVERITY, AS JUDGED BY THE MORTALITY PER 100,000 OF POPULATION, HAS PREVAILED IN RECENT YEARS MANCHESTER. The figures for Mianchester are particularly interesting, because a more comprehensive investigation of the significance of the bacteriological types has been made there than in any other area outside Leeds, and the investigation has been entirely independent of the Leeds group of workers. It is also of interest because during 1933 the Intermediate strains predominated and were then responsible for a higher case death-rate than has till now been observed with these strains in any other area. In 1934, however, the Gravis strain assumed the predominant r6le, and a better opportunity has therefore been afforded in Manchester than elsewhere for comparing these two types during a period in which both were playing a considerable part in the diphtheria of the area. (1934, 1935) . It is observed that although in Robinson and Marshall's first series the Intermediates were responsible for the highest case mortality, they have fallen back to second place in the larger and inclusive series. The observations with regard to Mitis infections are entirely in accord with those made at Leeds.
GLASGOW. Two series of figures are available for this city. One of these was published by Carter (1933) and refers to examinations made in the city laboratories.
510 strains were typed but clinical information was only available with regard to 236 of these strains, which were obtained from cases of disease. It is not stated whether these formed a continuous series or were in any way selected, and full clinical details are not furnished. The second series was typed in Leeds and consists of a continuous series of cases from the Ruchill Fever Hospital. This series ran through 1932 and 1933, and included more than 400 cases. A weak point in the series was that no cultures were obtained from some of the cases which came in moribund. As there was a very marked predominance of Intermediate strains the probable result of the exclusion of these cases is to put the figure for Intermediate deaths rather lower than it should be. It is clear, however, that the figure is substantially true, as the total diphtheria death-rate in the hospital was below 5%. (1934) in a discussion on the subject at a meeting of the Society of the Medical Officers of Health. The typing in this series was carried out by Dr. Mair who has kindly put at our disposal a considerably larger series in which the incidence of death is correlated with the different types, but no further particulars are given.
These results are presented in Table IX . 
-
In this area the different types are more evenly represented than in most places. This may be due to the very mixed and more migratory population found in so large a city. The complete absence of atypical strains is presumably due to the fact that Dr. Mair (1934) has classified all strains growing freely and failing to ferment starch as Mitis. It is also notable that an unusually large number of mixed infections are recorded.
DUNDEE. Murray (1935a) has published a small series of cases from Dundee and the adjacent areas. Here as in other areas of Scotland, Gravis strains play a negligible part and Intermediate are predominant. The latter appear to have been responsible for a more severe type of diphtheria in this area than in Glasgow or Edinburgh, but as the series is a small one the figure for case death-rate may be accidentally unduly high.
AREAS IN WHICH MILD DIPHTHERIA HAS PREVAILED IN RECENT YEARS
EDINBURGH. Two series of typed cases have been published in Edinburgh, the first by Wright and Rankin (1932) and the second by Wright and Christison (1935) .
In the first series the authors were unable to classify their strains in the way described in this paper and it is therefore difficult to analyse their work in its bearing on the significance of those types. It was obvious, however, that Gravis strains were rare or absent and that the diphtheria was mild.
Wright and Christison's results are given in Table XI . It should be made clear that this is not the form in which the authors present their results. They consider that they are justified in describing six types. Of these, 1, 2, and 3 correspond to our Mitis, Intermediate and Gravis. Type 4 resembles Gravts except iD the absence of starch fermentation. Type 5 corresponds to Gravis but is avirulent for animals and Type 6 has the Gravis character, except starch fermentation, and is avirulent for animals.
In Table XI type 5 strains have been carried to the Gravis column (8 mild cases), and types 4 and 6 have been classified as atypical.
It seems to us that the only one of these three additional forms of the diphtheria bacillus for which the authors have made out a case as a separate type, on the evidence presented, is No. 4, since this form has been associated with severe and fatal cases of diphtheria and is well marked-off in its characters from other atypical forms.
Through the kindness of Miss Christison we have been able to examine a number of primary cultures from such strains on tellurite chocolate medium, and we are in full agreement that the appearances of the colonies are undistinguishable from those of many Gravis strains.
Apart from the occurrence of these unusual forms, the findings for Edinburgh resemble closely those for other parts of Scotland with Intermediate strains predominant and responsible for most of the diphtheria deaths. NEWCASTLE AND DURHAM. In this area we were able to collect a series of 200 cases in the years 1933 and 1934. This series was less satisfactory than some of the others in the respect that it was in no sense a continuous series. The cases were gathered from a wide area and a variety of persons were responsible for assessing the clinical features, the details being obtained only with difficulty in some cases.
The results are presented in Table XII . Atypical ... ...
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Gravis strains were found in a minority of cases, and a number of them were atypical. The only other noteworthy feature was the occurrence of two deaths due to atypical strains, i.e. strains showing rather rough colonies and frank pellicle in broth, but failing to ferment starch. There is some analogy here with Wright and Christison's type 4 strains in an adjacent geographical area.
Newcastle had one of the lowest diphtheria death-rates in the country from 1930-2; since then it has been slowly rising. STAFFORD AND WARRINGTON. These two areas are taken together because the results have been published by the same authors, although the conditions as regards diphtheria in the two areas have diverged widely. Staffordshire is, of all the areas in which extensive typing of strains has been carried out, that with the mildest form of diphtheria. Two series of results have been published by his collaborators (1933, 1935) , and to the second there is appended a short series of cases from Warrington taken during a brisk diphtheria epidemic.
The figures for these two series are combined as one and presented with the Warrington Series in Table XIII.   TABLE XIII. -STAFFORD, 1932 -STAFFORD, , 1933 -STAFFORD, , 1934 Intermediate ...
-
The chief features of the Stafford series are the predominance of Mitis strains which are more numerous than in any other recorded series, and the unusually large number of atypical strains. The last is probably explained in part by the fact that the authors drew their criteria more strictly in excluding strains as not corresponding to the three main types. It is also, however, an example of a general tendency seen in the other series, which is that atypical strains are most numerous where diphtheria is mild and non-epidemic.
SUMMARY OF ALL THE SERIES IN WHICH THE CLINICAL CHARACTERS OF DIPHTHERIA AND THE BACTERIOLOGICAL TYPE ASSOCIATED HAVE BEEN
DETERMINED This is presented in Table XIV , which includes all the above figures, with the exception of the complete series for Leeds. For Leeds only the most reliable figures are included, i.e. the series obtained during those periods in which all cases entering the Fever Hospital were typed. This course is adopted because these are the most reliable of the Leeds figures, and also to avoid overweighting all the other data with those obtained in Leeds. These figures are sufficiently large and gathered from so many different areas that we may be justified in drawing some conclusions from them and also in considering some indications which are suggested by them where conclusions are not permissible.
In the first place, the suggestion made from the consideration of the first small series of cases typed in Leeds, that Gravis infection is much more formidable than Mitis infection, is fully borne out. It is also clear that the Gravis strain is much more likely to damage the nervous system than are the others. It seems, also, that the Intermediate strains may be appropriately so-called, although they approximate more nearly to Gravis than to Mitis in the severity of the diphtheria which they cause.
There is a less marked indication that Intermediates, relatively to their killing power, are more prone to produce htemorrhagic manifestations. Of all the strains they appear to be the least capable of invading the lower respiratory tract. Lastly, it seems clear that all three types may be met in phases of exalted and of diminished virulence, the Gravis at its lowest corresponding to the Mitis at its highest and the Intermediate at its highest surpassing the Gravis in its lower or moderate phases of virulence.
The suggestion of Hammerschmidt (1924 a and b) that the haemolytic strains showing a copious and uniform turbidity in broth (Mitis) are particularly prone to produce spreading infections involving the larynx is also justified. In three Mitis deaths in Leeds in which involvement of the larynx was associated with bronchopneumonia, abundant cultures of Mitis were obtained from the lung post mortem; an interesting observation not yet controlled by similar cultures taken post mortem in Gravis and Intermediate infections. The figures supplied in Table XV indicate that in a period of epidemic diphtheria due to the Gravis strain, the older children are menaced to an unusual extent and also that the relative incidence of laryngeal infections and the mortality due to such infections are both much diminished.
In Table XVI an analysis of 16 Mitis deaths in which pretty full information was available is presented. 3 cases uincomplicated, but treated late-5th,* 7th, and 14th days. 3* cases hmemorrhagic (one with heart block, and one first treated on 5th day). 3 cases with bronobopneumonia. 1 case complicated by enteritis. * Only these four cases appear to be deaths in which intoxication was the primary factor and insufficiently controlled by serum, although in two it was administered rather late It is clear from this that in Mitis infections coming under serum treatment early and free from laryngeal involvement, casualties are rare and a good prognosis can be given.
OBSERVATIONS IN AREAS OTHER THAN THE ABOVE
These observations refer to small series or to selected cases and therefore do not lend themselves to assessment of the clinical significance of the types although they afford some indication of their distribution.
POLAND. Piasecka Zeyland (1933) states that in the Posen area the predominant type is Gravis. A sample strain sent to Leeds by this investigator was a marked example of the Gravis type.
Seydel sent a small collection of Gravis and Mitis strains recovered in Warsaw to Leeds in 1935. The Gravis were quite typical. The Mitis strains were rather rougher than the most typical examples of this kind.
SPAIN. De Cisneros (1932) in a short footnote to a review of the various applications of tellurite media to diphtheria diagnosis, mentions a small outbreak in an institution of five cases which were all shown to be due to Gravis and in two of which the patients died.
No data are available, so far as we are aware, for France, Belgium, Holland, Italy, and Russia.
AMERICA. Whitley (1935) published observations on the type incidence in diphtheria in Maryland. She found a marked predominance of Mitis with less than 10% of Gravis, and Intermediate strains very rare. Mitis strains were also found to predominate in a small collection of cultures obtained by Wright and Christison (1935) from Iowa, whereas both Mitis and Gravis strains were recovered from another small collection of cultures obtained from Vancouver.
CYPRUS. Wright and Christison (1935) record that Mitis was predominant in a small collection of cultures recovered from Cyprus and that two irregular strains classified by them as type 4 were also obtained.
AFRICA. Horgan and Marshall (1932) found that all the diphtheria cultures observed at Khartoum in the first three months of 1932 yielded either frank Mitis or frank Gravis strains. The former were predominant.
Strains isolated in South Africa by Dr. Joyce Wright have included a number of Mitis strains, but also a considerable number of atypical forms which failed to ferment starch, but showed a Gravis-like colony. SUMMARY It would seem from these scattered and limited observations that the three predominating bacteriological types met in this country are responsible for most of the cases of diphtheria all over the world, although a minority of irregular forms are present in most areas.
ANIMAL PATHOGENICITY OF THE DIFFERENT TYPES At the outset of this investigation the technique of intracutaneous injection in the guinea-pig was adopted as the one most used at the present time. Too many instances occurred, however, in which the animal died on the second day, before the results could be satisfactorily read, in spite of the usual protective dose of antiserum administered shortly after the injections, as recommended by Mair. Resort was made, therefore, to the older method of subcutaneous injection, with a view to observing death or survival and determining the post-mortem findings in animals which died. In addition, it was thought desirable to extend the test to the rabbit in order to determine whether any differences in susceptibility to the different types might be brought out by this animal which were not revealed by the guinea-pig. The results of subcutaneous injection in the rabbit are irregular, but consistent results can be got by intramuscular injection.
The standard technique finally adopted, therefore, and used throughout the whole series here recorded has been the injection of one-eighth of an 18-hour L6ffler slope culture in a 'th by 6-in. tube. A guinea-pig has been injected subcutaneously in the axilla, and a rabbit intramuscularly in the extensor muscles of the thigh, with each strain. The culture has been suspended in 0 85% sodium chloride solution and a bulk of 0 5 c.c. injected.
The results of the injection of a large collection of strains gathered from a wide area, and including every strain tested in this way, are given in Table XVII . Strains are entered in this table as weakly pathogenic if they killed the rabbit and not the guinea-pig, or vice versa. All strains which killed either animal within fourteen days were considered pathogenic, provided the post-mortem appearances were those of a diphtheria death, and no bacteria other than the C. diphtheri. were recovered from the heart blood. C. diphtherie was very rarely recovered from the heart, but was usually obtained from the local lesion.
Characteristic lesions in the guinea-pig included some or all of the following: CEdema of lungs with areas of congestion and atelectasis, pleural and pericardial effusions, congestion and haemorrhage in the suprarenals, and locally cedema, congestion, hiemorrhage, and-in late deaths-necrosis, with organization by fibrous tissue.
In the rabbit the outstanding lesion has been local congestion and necrosis, often with cedema and hiemorrhage. The C. diphtheria was recovered more frequently from the local lesion in the rabbit.
The most definite result derived from these observations is the constant pathogenicity of the Gravis strains. Although a larger number of these came from Leeds (59) than from any other place, the series included strains from a wide area: Hull (33), Cork (12), Durham (6), Warsaw (6), Glasgow (4), Derby (3), Newcastle (2), Edinburgh (2), London (2), and Wakefield (1). Apart from this it could not be said that the findings from animal experiment fell into line with the clinical findings; e.g. there is no significant difference between MIitis and Intermediate strains, although in the large series collected the latter have been responsible for at least three times as many human deaths as the former.
It is only the atypical strains which show a wide divergence in pathogenicity from the other forms.
The chief practical conclusions which appear to accrue from these observations are:
(1) That it is a waste of time and money to resort to tests of virulence with characteristic strains of the Gravis type,' and (2) that tests of virulence are specially required with strains which fail to conform to the three principal types.
iN.B.-It is to be noted that some of the atypical starch-fermenting strains described in Glasgow would not be easily distinguished from Gravis after keeping for some time in subculture, although they certainly could not be described as typical Gravis strains when first isolated. A strain recently obtained from South Africa has the Gravis characteristics and is non-pathogenlic to animals, but we are not in a position to say whether this would have appeared to be a characteristic Gravis strain at the time of isolation. If so, it would be one of the rare exceptions to this rule. (Since this was written a rabbit injected with this strain has died from late paralytic effects.)
ATYPICAL STRAINS
The chief varieties of atypical strains which have been encountered are: 1.-A strain which diverges from typical Mitis in presenting a rougher colony smearing less readily under the needle, and which grows in broth with an early pellicle breaking up into coarse particles on shaking the tube (many Mitis strains produce a late soft pellicle which readily resolves to diffuse or very finely granular turbidity on shaking). Atypical strains of this kind have been met in small numbers in almost all series. Wright and Christison's (1935) type 4 is an extreme example of this form in the respect that the colony on tellurite presents a close resemblance to the typical Gravis colony. Such strains have been rarely met except in Edinburgh.
2.-A starch-fermenting strain which produces a Mitis-like colony on tellurite chocolate and a copious and approximately smooth turbidity in broth. Strains of this type have in our experience been almost entirely confined to Glasgow, where 18 were observed in a series of over 400 cases. There was a certain amount of gradation amongst these strains from those which resembled Mitis very closely in their growth on solid and fluid media to others which were rougher and approximated more nearly to the Gravis type. Animal pathogenicity was lower in this series of strains than in any other group of atypical strains, but it was interesting that it varied with the degree of roughness of the strain, being most pronounced in those strains which approximated most nearly to Gravis. It should be added that all these strains tended to become rougher after keeping in subculture for many months.
3.-The only other variant observed has been a finely growing strain which produces small granular turbidity in broth, i.e. one which approximates to an Intermediate, but ferments starch. This strain has been noted in the Newcastle area by Dr. R. D. Stuart (personal communication).
A summary of all the findings associated with atypical strains is given in Table XVIII . 
QUESTIONS OF TYPE STABILITY
The question which naturally arises with regard to these observations is whether we are dealing with a number of distinct varieties of bacillus which produce clinically similar but not altogether identical diseases, or with one variety of bacillus presenting wide fluctuations and mutations in cultural and morphological character and biochemical activity. The analogy in the former case would be with the typhoid and paratyphoid bacilli, but analogy in questions of disease and bacterial agents is rarely complete.
A number of investigators have occupied themselves with the possibility of producing in vitro variations in the bacteriological types: Christison (1933); Robinson (1934) ; Murray (1935b); Hammerschmidt (1935) ; Clauberg, Helmreich and Vierthaler (1936) , and others. There is general agreement amongst these, and with this finding we concur, that as far as colonv-form on solid media and character of the growth in broth are concerned, changes in appearance are readily obtained. There is also general agreement that it is very difficult to get any mutation of starchfermenting to non-starch-fermenting forms or vice versa, apart from a tendency of some polysaccharide-fermenting strains to weaken gradually in this activity with maintenance in subculture over long periods of time.
The most important observations on this point are those of Robinson (1934) and Murray (1935b) . Robinson found one of 197 Gravis strains which lost the power to ferment polysaccharides after subculture for some time, but amongst 395 non-starchfermenting strains none was found to have acquired polysaccharide splitting power in the course of subculture. In one instance, however, by special methods, selection of papilla which appeared in old colonies, and training of the strains obtained from these by repeated subculture in starch-containing media over several months, he was able to convert an Intermediate to an apparently typical Gravis. He also passed 282 strains, including all three types, through animals and, with the exception of the two strains already referred to, recovered all these unchanged in respect of their fermentative activities.
Murray failed entirely to alter the carbohydrate-splitting characters of any of the type strains by various modifications of animal passage. He, did, however, succeed in imparting a transient starch-fermenting power to lMitis and Intermediate strains if they were cultivated in broth containing 5 % of rabbit or guinea-pig serum.
The phenomenon could not be obtained with ox, human, sheep, or horse serum, and when produced with rabbit or guinea-pig serum it did not survive the first subculture.
Mair, in a recent communication to the Pathological Society of Great Britain and Ireland, has described a method of obtaining starch-fermenting variants from nonstarch-fermenting strains of the diphtheria bacillus by the application of heat to a point a little short of that at which the bacilli die. In so far as we have attempted to apply this method we have not been successful, but it will be desirable to repeat observations on a bigger scale when he has published an account of this work which will make it possible to follow the details of his technique more exactly. Hammerschmidt (1935) , basing his conclusions mainly on appearances, obtained on media on which the strains did not grow profusely, came to the conclusion that the Intermediate forms-his C type-were capable of transformation both to the ]litis and Gravis forms-his A and B types, and that from the two latter types colonies of the C type can always be obtained by plating out on media inadequate in their nutrient content. He dispensed with the other tests which have been recommended for the differentiation of these types-such as starch fermentation. It is not clear that this amounts to much more than the observation, already referred to in Table I , that both Gravis and Mitis strains may on certain media, particularlv nutrient agar, develop a mixture of fine and large colonies. Clauberg, Helmreich and Vierthaler (1936) , however, using a special serum medium containing cystine, observed that on this medium all altered strains returned to the original type, and they came to the general conclusion that the variations which may be obtained by procedures such as those adopted by Christison (1933) and others, in each of the three principal types, correspond to the rough and smooth variations familiar in many other bacterial forms and do not indicate transformation from one type to another. Additional weight is lent to Clauberg, Helmreich and Vierthaler's conclusions by the fact that they worked with strains derived from single cell cultures. JULY-PATH. 2 * There seem to be three possible interpretations of the observed phenomena. One is, that the C. diphtheria is a bacillus more prone than most to exhibit fluctuations in its character, and that conversions like the one elicited by Robinson (1934) , which are so difficult to realize in vitro, are actually responsible for the diversity of type which this organism shows in different areas and within the same area.
The second is that the types are stable, as suggested by Clauberg, Helmreich and Vierthaler, but may each exhibit rough to smooth variation. If this is correct most of the atypical strains which have been described would be examples of rough variation of the ]Jitis type and smooth variation of the Gravis type.
The third is that actually the number of divergent types is considerable and that amongst these, three are outstanding in respect of their infectivity, and therefore account for the majority of cases of diphtheria. The observations of antigenic diversity within the different types brought forward by Orr Ewing (1933), Murray (1935c) , and others, favour the last hypothesis.
Our own observations on this subject fall under three heads: stability of strains (1) inw vitro, (2) in the animal body, and (3) in the human body.
STABILITY IN VITRO
A group of strains, including examples of the three chief types and a selection of atypical forms, have been kept in subculture on agar slopes for periods varying from three months to five years.
Subcultures have been made at intervals of about three months on ordinary agar slopes and incubated for from twenty-four to forty-eight hours, and then kept at room temperature after sealing with paraffin wax. In this group of strains there were 42 Gravis (Cork 19, Hull 11, Glasgow 6, Leeds 5, and Poland 1): 21 Mitis (Leeds 13, Hull 5, Durham 2, and Nottingham 1); 18 Intermediate (Hull 9, Leeds 6, and Manchester 3); 7 Atypical (Hull 4, America 2, Glasgow 1).
The only significant changes observed, the characters of the strains being examined at intervals of about six months, were limited to three strains. One Mitis strain, a nasal culture from a Leeds case in an open hospital ward, presented, after a year, characters in which those of the Intermediate type predominated. One Mitis strain derived from a case of mixed infection in Hull (MIitis and Intermediate) showed, after two years, the same change. One Gravis strain (Leeds) which had been unusual in showing a good deal of diffuse turbidity in broth when first isolated, was found to have lost its power of fermenting starch on second examination and never regained it. No instance of acquisition of the power of polysaccharide fermentation was ever observed.
In addition a very large number of repeat examinations have been made on stock strains from time to time. Amongst these one other definite change has been noted. A Hull strain fermented starch when first examined; a few weeks later it fermented glycogen but not starch, and after five or six weeks it had lost polysaccharidefermenting ability and did not regain it.
STABILITY IN THE ANIMAL BODY
These observations relate to the characters of the strains recovered from the local lesion in injected guinea-pigs and rabbits.
The most virulent strains were only in the body of the injected animal for from twenty-four to thirty-six hours, the average period of stay was four days, and the longest period of delay before death, which was followed by the recovery of the strain, was three weeks. As is seen from Table XIX no alterations were recorded either in strictly typical strains or in the more atypical strains. STABILITY IN THE HUMAN BODY It is in the human body that it is most difficult to obtain strictly accurate observations on this subject, since the site of infection is one in which a great multiplicity of bacteria are always present and in which fresh infections may be implanted at any time. There are two ways in which evidence may be obtained however. The first is to observe how far the infecting type persists unchanged in convalescence and the carrier state, and the second is the determination of fluctuations of type infections in a community, and the considerations of the deductions which may be drawn from these fluctuations.
PERSISTENCE OF TYPE DURING CONVALESCENCE AND IN THE CARRIER
STATE In observations of this type the chief difficulty is to distinguish between type mutations and cross infections. It has already been sufficiently demonstrated in the work of Anderson et al. (1933) , and of Robinson (1934) , who are in complete agreement on this point, that diphtheria convalescents in open wards to which cases of all types are admitted, frequently show both change of type and instances of mixed infection. In Leeds it has also been our experience that the few cases of mixed Gravis and Mitis infection in primary diagnostic cultures which have occurred, have been met in patients who have contracted diphtheria in institutions in which cases of unmixed infection with Gravis and Mitis strains were already present.
It is clear that such cases can be explained either by type mutation or by cross infection. In order to clear up this point single type wards bave been run in Leeds on four occasions. Four experiments of this kind have been made with the co-operation of Dr. Anderson, Dr. Benn, and Miss Woodcock. In 1933 an all-Gravis ward was kept under observation for five months. In 1934 and 1935 Gravis wards were observed for three months, and in 1936 an all-Mitis ward was opened and has now been under observation for two months.
The method followed has been to admit to these wards only such cases as have yielded cultures on the special tellurite " chocolate " sufficiently characteristic after incubation overnight to enable the member of the staff responsible for routine diphtheria work (F. C. Happold) to classify them confidently as Gravis or Mitis cultures. The strains were of course confirmed subsequently by full investigation of their fermentative and other characters. No mistakes were made by him in his sight diagnosis of these strains. Subsequently throat and nose swabs were examined week by week from all patients until death, discharge, or the conclusion of the experiment. At the same time all the sisters, nurses, and ward-maids making contact with the patients were examined weekly in the same way with a view to checking any possible cross infection from these persons.
A transient Gravis infection was once observed in a ward-maid in a Gravis ward and once in a nurse; the latter, however, had been ill with a mild attack of diphtheria two weeks before. On one occasion also an atypical non-starch-fermenting strain was observed in a nurse in a Gravis ward. This nurse was at once excluded from the ward. In the Mitis ward three nurses were observed to be carriers of Mitis strains, one of a Gravis and one of an Intermediate strain; the two latter were excluded from the ward.
The results of these observations in single type wards are set out in Table XX  so It is reasonably clear from these results that the mixed infections and changes of type observed in open wards are the result of cross infection This is a point of some practical importance as a patienzt received in hospital with a mnild Miitis infection may return home the carrier of a mnor^e formidable Intermediate or Gravis infection. There is n1o reasonable doubt that the utsual rottine of discharge on one or more negative Lbffler cultures does not adequately exclude this possibility. It cannot, of course, be claimed that the permanent stability of the strains in the human body can be proved by such observations. The longest period of continued infection demonstrated in this series was nine weeks; but in one instance, an adult patient isolated at home, Gravis was repeatedly recovered for six months, after which the throat was found clear of all diphtheria bacilli on three successive examinations.
These cases were all examined by both nasal and throat swabs, and with few exceptions the diphtheria strains persisted much longer in the nose than in the throat. This is a point of importance and strongly supports the conclusion of some clinical'observers that nasal discharge is all-important in the transmission of diphtheria. Hence, in examining carriers, attention should be directed more to the nose than to the throat.
FLUCTUATIONS OF TYPE IN LARGE COMMUNITIES
The areas for which observations on type variations are available for two or more years, in published accounts or in our own collection of data, are: Cork, Glasgow, Hull, Leeds, and Manchester. The most complete figures have been compiled for the two last and are presented in figs. 1 and 2 (pp. 27, 28 If these variations are to be explained on the score of type mutations these seem to be entirely haphazard.
If we suppose, however, that these fluctuations are due to distinct races of bacilli which are exhibiting independent cycles of increasing and diminishing virulence, these observations become perfectly comprehensible. There is, apparently, some other factor, probably climatic, affecting the incidence of diphtheria, since without assuming such a factor it is difficult to explain the check in Gravis incidence in Leeds at the end of 1932 and the beginning of 1933, followed by the remarkable rise in 1934 which was shared to a lesser degree by the other two types. The suggestion of independent cycles of virulence in the different types is well in keeping with the Leeds findings, since with a rising Mitis incidence in the last six months there have been more M1itis deaths than in the previous four years. Coincident with this increased incidence and virulence of Mlitis infection in Leeds, however, there has beeni a marked fall in the total incidence and mortality of diphtheria, and analogy with figures for similar infection in other areas suggests that it is likely that the ipeak of the Mitis cycle will fall far below that of Gravis infection.
It seems to us, therefore, that the varied findings may be summed up with the greatest probability in the sense that there exist three main types of diphtheria bacillus and that most of the atypical forms are to be explained in some instances on the ground of rough-smooth variation within the type, as suggested by Clauberg, Helmreich, and Vierthaler, 1936;  in others by the existence of a small number of strains of Gravis type which show some variation in their.capacity for attacking polysaccharides. Wider experience may, of course, demonstrate an additional type or types playing a sufficiently large role in clinical diphtheria to require special consideration; Wright and Christison's results are suggestive in this connexion.
CAPACITY OF THE DIFFERENT TYPES TO PRODUCE DIPHTHERIA IN SCHICK-NEGATIVE REACTORS AND IN THOSE ARTIFICIALLY IMMUNIZED
Observations in which the different bacteriological types of C. diphtherial are compared in their abilities to produce clinical diphtheria in persons naturally immune as judged by the Schick test, or artificially immunized by injections of diphtheria toxoid, are rather limited in number. They have only been available in areas where typing of the bacilli, Schick testing, and immunization of the population have all been carried out on a considerable scale. Robinson and Marshall (1934.,1935) There is a marked predominance of Gravis over the other infections, but inasmuch as Gravis infection so greatly exceeded all others in Cork and Leeds, this has no special significance. The figures for Manchester, however, indicate a very markedly superior power in Gravis strains to overcome the barrier of immunity constituted by the circulation of antitoxin sufficient in amount to abolish " Schick" sensitivity, for in Manchester during the period of observation, Intermediate strains were responsible for almost as many cases of diphtheria as Gravis strains.
The chief importance of the Cork figure is that in a very fully immunized community the proportion of cases in the immunized to total cases is very highabout 20%. When the Leeds figures are related as a percentage to the total cases infected by each type during the period 1934 and 1935, during which a considerable section of the population at risk was immunized, the results shown in Table XXII are obtained. These figures point to the same conclusion as the collected figures for case deathrate, i.e. that the Gravis strains are most dangerous and that the Intermediates come nearer to them than to Mitis, which in immunized persons appears to play a negligible part.
The considerable discrepancy between the severity of Gravis diphtberia in the immunized, as observed in Leeds and Manchester, remains to be explained. This might, of course, be explained on the ground that immunization in Leeds bas been more FIG. 1 thorough. A more likely explanation, however, seems to be given by consideration of figs. 1 and 2. These show that the majority of the cases of diphtheria in the immunized occurred in Leeds after 1933, i.e. when the peak of the Gravis epidemic was passed, as judged by the percentage of Gravis infection to total diphtheria infections and by the diphtheria case death-rate. Whereas in Manchester the records of diphtheria in the immunized were gathered during a period of increasing incidence and severity of Gravis infections.
The general outcome of these observations would seem to be that the accepted Schick " immunity level is not quite high enough to guard a population completely from Gravis infection at its worst, but is a remarkably satisfactory and efficacious measure in the majority of diphtheria outbreaks. Dudley, May, and O'Flynn's (1934) observations at Greenwich, which showed that Gravis could produce mild diphtheria in an immunized community which was unaffected, both before and after, by the presence of fairly numerous Mitis carriers, fall into line with the above conclusions. RELATION OF DIPHTHERIA DEATH-RATES PER 100,000 OF POPULATION AND PREDOMINANCE OF DIFFERENT BACTERIAL TYPES This is the aspect of the subject which is most important to the public health authorities and probably also the method of determining the severity of outbreaks of diphtheria which is least liable to error; e.g. if in area A the habit is to revise the diagnosis of diphtheria very rigidly and exclude as " bacterial cases " all those in which the symptoms are mild, whereas in area B all such cases are returned as diphtheria., it may well be that area A, as judged by the reported case death-rate, will appear to be visited by a more severe form of diphtheria than area B, when actually the reverse is the case. The ratio, total diphtheria deaths to population, will, howvever, give a figure dependent on case incidence plus severity, and will, therefore, provide an indication much less liable to error.
The relevant data in so far as knowledge of type incidence is avaUilable, are given in fig. 3 .
The effect of this method of comparison is, again, to place the types in the same order of severity as they fall into when case death-rates are determined on a large series, but it gives added emphasis to the conclusion that a Gravis infection is a greater menace to the community than an Intermediate one. Sources of information on which the above table is based. -This is stated in the text for the Gravis incidence in most areas. The figure for Duiblin is obtained from Dockeray's (1933) results. That for Copenhagen is based on a small series of cases published by Parish, Whatley, and O'Brien (1932b) , and the statement with regard to Nottingham is based on a personal communication from Dr. E. J. Storer to whom we wish here to express our thanks. The figures for the death-rate per 100,000 of population have been obtained for the most part from returns of the Registrar General, aild where these were not available as e.g. for 1935, from the offices of the Medical Officers of Health concerned. The figuire for Copenhagen was obtained through the kindness of Dr. Thorvald Madsen and covers a period of twelve months abouit the time that the observations of Parish, Whatley, and O'Brien, already referred to, were made. The figure for Berlin has been taken from the League of Nations Monthly Epidemiological Reports.
REASONS FOR THE GREATER SEVERITY OF GRAVIS INFECTION
Up till now no satisfactory explanation of this has been given. Robinson (1934) has pointed out that these strains show greater invasiveness in the animal body, and our own observations show that they persist longer alive in the local lesion. Parish, Whatley, and O'Brien (1932b) , however, have demonstrated that these strains are poor toxin-formers in vitro, a finding with which our own are in agreement.
The only suggestion of a difference between Gravis toxin and Park William 8 comes from the work of Murray (1935c) and of Etris (1935) . Murray showed that it was much more difficult to protect rabbits with standard antitoxin from repeated doses of Gravis bacilli than from corresponding doses of the other forms. Etris found that the antitoxin prepared with toxin from Gravis strains was more effective in protecting against these strains than Standard Park William 8 antitoxin. The differences recorded, however, by the last observer were not large and his series of observations was a small one.
On the existing evidence it seems most probable that the Gravis strains produce toxin similar to the other strains, but are provided with toxic elements of another kind in addition. The subject, however, still wants elucidation.
In conclusion, we wish to express our thanks to the Medical Research Council for a grant to one of us and for assistance with expenses.
